Background We investigated the association of early life social factors-maternal age, single motherhood, socioeconomic position, birth order and family size-with future risk of suicide in Taiwan.
Introduction
Previous studies in European populations have shown that social circumstances around the time of birth, such as young maternal age, lower socioeconomic position (SEP), single motherhood and higher birth order are associated with an increased risk of suicide. [1] [2] [3] [4] [5] age are indicators of a potentially adverse childhood environment; these adverse early life experiences may lead to increased susceptibility to alcohol and drug misuse, mental disorders and suicide. 4, 6 Higher birth order (i.e. having older siblings) is an indicator of large family size and hence increased competition for resources and parental attention. 4, 7 It is theorized that compared with children of higher birth order, the firstborn have their parents' undivided attention at least in the 1st year of life and this may help them develop greater resilience to stressful events in adulthood. 8 Additionally, higher birth order may be related to increased maternal stress during pregnancy due to childcare responsibilities and the economic consequences of having a large family, which may subsequently elevate the risk of maternal depression, a known risk factor for offspring suicide. 3, 6 Evidence of the impact of perinatal psychosocial circumstances and risk of suicide has generally come from European studies. To the best of our knowledge, no studies from non-Western countries have investigated this issue. The epidemiology of suicide as well as its common risk and protective factors differ in Eastern and Western countries. 9 The stronger intergenerational ties in Asian people may lead to different patterns of childcare practice compared with the West. 10 In addition, the Confucianism cultural attitude of preferring sons to daughters and hierarchical family relations may result in differential family resources and roles prescribed to children according to their gender and birth order. 11, 12 Hence, the set of perinatal risk factors for suicide found in Western countries may not be directly applicable in the Asian context. Analysis of the relationship between perinatal circumstances and suicide within Asian populations may provide new insights into the nature of these associations. We used linked Taiwanese national birth and death registry data to conduct a population-based nested case-control study to investigate the associations of perinatal circumstances with suicide risk in Taiwan.
Methods

Source of data
This study is based on linkage of the Taiwan Birth Registry (1978-93) with the Taiwan Death Registry (1993-2008) using national identification numbers. In Taiwan, it is a legal requirement that all live births and deaths be registered within 10 days. Various birth characteristics including gender, birthweight, gestational age, single/multiple birth, birth order, parental ages, education and mother's marital status are available for each live birth in the Taiwan Birth Registry. Data quality for both the Taiwan Birth Registry and the Taiwan Death Registry have been evaluated and they are considered valid and complete. 13, 14 Access to the birth and death registries was approved by the Department of Health. This study was based on a cohort consisting of all  5 654 833 live births registered in Taiwan between  1978 and 1993. By the end of 2008, we identified  3984 suicides aged 15 years or above during 1993-2008 . For each case, we randomly selected 30 controls using the incidence density sampling technique. 15 Each suicide was matched to 30 controls with the same sex and birth year, who were alive at the date of suicide. By doing so, an individual could be selected as a control before he/she became a suicide case. Besides, an individual could serve as a control for multiple cases. The density sampling finally resulted in a total of 119 520 controls.
Nested case-control design
Outcome variable
The outcome variable was suicide. Deaths certified as undetermined intent, accidental poisoning by pesticide or accidental suffocation were also included because previous research indicates that many deaths included in these categories are likely to be missed suicides. 16 A total of 3984 young adults who died from suicide [International Classification of Diseases, ninth revision (ICD-9) codes E950-E959] (N ¼ 3217), undetermined intent (E980-E989) (N ¼ 708), accidental poisoning by pesticide (E863) (N ¼ 40) or accidental suffocation (E913) (N ¼ 19) were identified between 1993 and 2008. We carried out sensitivity analyses based on data for certified suicides only to investigate the impact of including these possible missed suicides, and results were generally unchanged.
Risk factors investigated
Independent variables included marital status (single vs. married), parental SEP, maternal age, birth order and family size. If the registered maternal marital status at birth was recorded as single, divorced or widowed, this was used as a proxy for 'single motherhood'. In keeping with previous studies, parental educational attainment was used to indicate SEP, and was categorized into elementary or less (46 years of education), junior high (7-9 years), senior high (10-12 years) and college or more (412 years); maternal and paternal educational attainment were analysed separately. Maternal age was grouped into five categories: <20, 20-24, 25-29, 30-34 and 535 years. Birth order was identifiable as both parents' national identification numbers are recorded on the birth registration documentation.
Statistical analysis
We first described the distribution of risk factors in cases and controls. We then analysed data using conditional logistic regression models and estimated odds ratios and their 95% confidence intervals. Crude odds ratios were estimated from simple conditional logistic regression that takes into account the matching variables including age, gender and date of suicide in the analysis. We then adjusted for all the risk factors investigated in the conditional logistic regression model. The effect of controlling for other biological factors recorded on the birth register-birthweight and gestational age-was also investigated as these factors have been found to be associated with suicide as well as the social risk factors that formed the basis of this study. 17 We also investigated whether the association of perinatal psychosocial risk factors differed in males and females by fitting appropriate interaction terms. Gender-stratified analyses were subsequently conducted since we found evidence for gender differences.
The effect of birth order may be related to sibship size, i.e. the adverse effect of higher birth order reflects higher parental care burden or greater competition for resources in larger families, rather than the disadvantage of higher birth order per se. To investigate the role of birth order vs. family size, we developed a subset of the data by excluding mothers who had a further child during 1994-2003. Since the age difference between two siblings in Taiwan is rarely over 10 years, after excluding these mothers we were able to estimate sibship size using the birth order of the last child born to a mother. In other words, we assumed that if a mother did not give birth to any children in the 10-year period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) ) the likelihood that she had more children afterwards was very small. Using this data subset, we stratified families into different sibship size to estimate the effect of birth order.
Results
The distributions of the sociodemographic variables in 3984 suicide cases (2586 males and 1398 females) and 119 520 controls (77 580 males and 41 940 females) are presented in Table 1 . Compared with controls, cases tended to have higher proportions of young maternal age (<20 years), single mothers and lower parental educational attainment. In addition, the proportion of firstborn children was also lower among cases. Complete risk factor data were available for 495% of the sample and we conducted the analyses based on all the available data.
The risks of suicide in relation to perinatal factors are shown in Table 2 . Univariable analyses revealed that children born to younger mothers, mothers who were not married at the time of delivery, mothers or fathers whose educational attainment was less than 10 years and children of higher birth order were at increased risk of suicide by the age of 30 years. The adjusted model included all perinatal risk factors in the model. Compared with children born to mothers who were aged 25-29 years, children born to mothers younger than 20 years of age were 1.65 times more likely to die by suicide [95% confidence interval (CI) ¼ 1.44, 1.89]. The effect of maternal marital status was somewhat weakened in the adjusted model. After adjusting for other risk factors, we observe a significant and graded relationship between lower paternal educational level and increased risk of offspring suicide (trend test P < 0.0001); associations with maternal educational attainment however, disappeared in the adjusted model. Later born children were at increased risk of suicide when compared to their firstborn siblings. The relationship between birth order and suicide was graded: the higher the birth order, the greater the risk of suicide (trend test P < 0.0001). We further assessed the effect of the relationship between perinatal circumstances and suicide, controlling additional variables including birthweight and gestational age. The odds ratio estimates were essentially unchanged, so we did not include them in our final models.
There was some evidence of gender differences in associations with perinatal risk factors and suicide (P interaction values ranged between 0.02 and 0.35) ( . Maternal education was not related to son's or daughter's suicide when other risk factors were controlled for. The beneficial effect of being a firstborn child was observed in both genders. Regardless of gender, a graded effect of increasing risk of suicide in children of higher birth order was observed (trend test, male P < 0.0001, female P ¼ 0.0096).
The subset data analysis (i.e. excluding mothers who had a further child after 1993) stratified by gender and number of siblings in a household is shown in Table 3 . The results still revealed a graded association between birth order and suicide risk in families, regardless of sibship size. Although gender interactions were not significant for sibship size, stratified models (P interaction ¼ 0.22, 0.88 and 0.20 respectively for sibship size of 2, 3 and 4 or more), there was some evidence suggesting a greater increased risk of suicide in later born daughters (birth order 4 or higher) in families of larger sibship size (4 
Discussion
Main findings
In this large nested case-control study, we found that early perinatal risk factors for suicide in an Asian population of young adults are similar to those in 
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PERINATAL RISK FACTORS FOR SUICIDE
previous reports from Western countries. [1] [2] [3] [4] [5] [6] [7] Young maternal age, single motherhood, lower paternal SEP at the time of delivery and higher birth order were associated with increased risk. In gender-stratified analysis, as in previous reports, males appear to be more sensitive to the adverse effects of low SEP than females. 18, 19 Unlike patterns of risk seen in Western countries, we found some evidence that single motherhood was a stronger risk factor for suicide in female than in male offspring. Furthermore, in families with large sibship size (4 siblings or more), there was evidence that later-born daughters had a higher risk of suicide, whereas the excess risk of suicide for later-born sons was not as prominent as for their female counterparts. However, this later association should be interpreted with caution as it is a subgroup finding and there was no evidence of such an association in families with sibship size of 2 or 3.
Strengths and limitations
This is the first study in a non-Western context to explore early life risk factors for suicide. The use of a large (N ¼ 3984 suicides) and representative sample over a long follow-up period (15-30 years) yields valuable information on early life course risk factors for future suicide risk in a setting where no such study has been conducted before.
Our results should be interpreted in light of the limitation that only register-based data were available. We were not able to assess possible underlying mechanisms, such as mental illness and adult SEP. Also we had to use available variables as proxies for some of the social factors we investigated. For example, being unmarried at delivery was used to indicate single motherhood, and paternal/maternal educational attainments were used as indicators of family SEP. Furthermore, birth registry data did not contain information on the exact number of babies born to a mother, sibship size was estimated by the birth order of a woman's last-born child, and changes in sibship size due to divorce, re-marriage or widowhood were not considered in our analysis. Lastly our analysis is restricted to suicides occurring in the first 30 years of life; findings may not be generalizable to suicide occurring later in the life course. Also, data were not available on deaths occurring outside Taiwan. This may have biased the study towards finding a higher incidence of suicide among those less likely to have migrated from the country. However, overall levels of emigration rate in Taiwan were low during the study period, 20, 21 so differential migration according to social variables was possible, but may not be an important source of bias if it is unrelated to birth order.
Interpretation
Our results suggest that an individual's risk of suicide may be influenced by factors operating early in the life course. There are several possible mechanisms underlying these associations. First, early adversities as indicated by young maternal age, single motherhood, low SEP and higher birth order, are associated with increased level of stress in pregnant mothers. Maternal stress may affect foetal brain development through alterations in central corticotrophin hormone (CRH) and glucocorticoid receptor (GR) gene methylation; 22 these epigenetic changes may then lead to sustained neurobiological alterations of hypothalamic-pituitary-adrenal axis, which may have longterm influence on mental health and psychosocial development of the children. 23, 24 Second, perinatal psychosocial disadvantage may also result in inadequate nutritional supply to the developing brain; children born to teenage mothers, high-parity mothers or families of lower SEP may be particularly susceptible to malnutrition. Evidence regarding the link between prenatal malnutrition and mental disorders is accumulating. 25 Overall, environmental adversities in pre-and early postnatal life may have lifelong psychological consequences: the foetal brain may be 'programmed' by these socio-environmental disadvantages. 26 Third, perinatal disadvantages usually do not only occur at one point in time; early exposure to adverse psychosocial conditions tends to be cumulative, leading to further disadvantages throughout the life course. The accumulation of disadvantages increases the risk of psychiatric disorders and suicide. 27, 28 For example, children born to teenage single mothers who had very limited skills and Adjusting for maternal age, maternal marital status, maternal and paternal educational attainment. *P < 0.05, **P < 0.01, ***P < 0.001.
educational attainment may experience low quality parenting, frequent residential mobility and inadequate access to social and human capital; these may lead to greater exposure to frustration, less resources and limited coping skills to deal with them. 29 The set of perinatal risk factors for future risk of suicide found in the Asian population in Taiwan are consistent with those identified in studies from the West. However, some of the gender-stratified analyses suggested that cultural factors may shape these associations. The finding that the excess risk of suicide was somewhat greater among girls born to single mothers than among boys born to single mothers is somewhat different from observations in the West, but this finding should be treated with caution in view of the relatively weak evidence of statistical interaction. Studies from the West tend to suggest that girls seemed to fare better than boys growing up with a single mother in terms of outcomes related to conduct problems, social relations and academic performance. 30, 31 For suicide outcomes, studies comparing the gender-specific risk in offspring born to a single mother are scarce. One Northern Finland cohort showed that single parent families were associated with increased risk of suicide attempt in male offspring [OR (95% CI) ¼ 5.46 (2.64, 11.29)] but not in female offspring [OR (95% CI) ¼ 0.42 (0.58, 3.05)]; in this cohort however, there was no gender difference in the association between a single parent family and future risk of suicide. 32 Possible explanations for the adverse outcomes found in boys born to a single mother include the absence of male role model and inadequate parental supervision (which may be more needed in boys than in girls). 31 In the Asian context, although offspring of single mothers were at increased suicide risk in both genders, girls were at greater risk than boys. It is possible that the cultural attitude of favouring male offspring may somewhat attenuate risk in boys, as the birth father or his family are more willing to provide support for a son born out of wedlock, whereas a daughter born out of wedlock may be more likely to be left with an underresourced single mother. 33 We found a very low rate of birth out of wedlock in the Taiwanese context. Less than 2% of our control subjects were born to unmarried mothers; corresponding figures were 20% in one Swedish cohort, 34 33% in a Danish cohort 6 and 15% in a Norwegian cohort. 5 Although this points to a more stable family structure in Taiwan, it may also indicate a higher level of stigmatization towards single mothers. 34 The socially unacceptable role of being a single mother may make the role-modelling process extremely difficult for a daughter born out of wedlock in Taiwan.
The findings that later-born girls in a large sibship family were at particular risk of suicide may also be related to the culture system of favouring male offspring in East Asia. The norms prescribed for children in East Asian Confucian culture are based on both their seniority and gender. 12 Specifically, the ultimate authority within the Confucian family is supposed to be passed from the father to the eldest son. 11, 35 Although economic development, modernization and the rise of women's status have gradually transformed the Confucian patriarchal social system in Taiwan, families with larger sibship size tend to be the ones who deeply believe and practise the cultural system of patrilineality. 11, 35 They either want a son after giving birth to daughters or want more sons to ensure the patrilineal transmission. The observed risk difference for later-born daughters in large sibship families in Taiwan may be related to these cultural factors, as their birth may be particularly disappointing for their parents.
Despite the cultural system of favouring male offspring, firstborn daughters still benefit from their birth order. A recent study in Taiwan found that educational outcomes were related to sibship size and birth order; given the same family SEP, the educational attainment for firstborn boys tended to be higher compared with other siblings, but the beneficial effect was not found in firstborn daughters. 12 In other words, firstborn daughters did not benefit as much as firstborn sons in terms of competing for familial educational resources in Taiwan. It is possible that the family system of gender and birth order interaction is outcome dependent. Some outcomes (such as suicide) may be related to very early environmental advantages /disadvantages (e.g. getting undivided parental attention); some outcomes (such as education) may be associated with parental investment during adolescent periods. However, we should be cautious in interpreting the results derived from the stratified analyses, as they were based on small sample sizes and weak evidence of statistical interaction.
The findings that lower paternal SEP affected suicide risk in male offspring but not female offspring were in line with previous findings from Western cultures that the strength of association between SEP and suicide risk was stronger in men than in women. 18, 19, 36 As men are still considered the main economic providers in Taiwanese society, economic hardships may impose greater stress on men than on women.
Conclusions
Our results provide support for the impact of early life adversities on risk of suicide by the age of 30 years in an Asian context, where no such type of study has been conducted before. The findings on the disadvantages in relation to girls born to a single mother or being later-born girls in a large-size family provide evidence of possible cultural influences in shaping suicide risk. The results suggest the need to embrace a life-course perspective in preventing suicide. The corresponding author, Professor Chung-Yi Li, will act as guarantor for the paper.
